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CHAPTER 7

1. High-strength and Heat-resistant Structural Alloy with Lithium, VAD23!
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Alloying aluminum alloys with lithium results in a considerable decrsase
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in specific waight and an increase in the modulus of elasticity; these

characteristics often ars of decisive importance when designing aircraft

equipment, The introduction of lithium along with cadmium it alloy system

Al==Cu=-=-Mn causes a significant improvemsnt in strength characteristics. The
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study of asuch compnsitions resulted in the creation of VAD23 alloy. The high

strength of this alloy at room temperature is combined with high heat resistance

at temperatures up to 225° C. Its specific weight is lower by 3-~5% and its

modulus of elasticity higher by 5--8% than alloys of the D16 and V85 type.
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VAD23 alloy belongs to the Al--Cu--Li syetem. The Al--Li binary system
has been studied comparatively recently [1; 2, p. 51. p. 231; 3; 4).

In equiliibrium with aluminum solid solution in ternary system Al~--Cu--Li,
according to data [5, p. 423, 6], one finds the following six intermetairlic
compounds:

1) 8-CuAly~~tatragona) structure (a = 6.06; ¢ = 4.89 R);

2) Tp--LiCuyAly s (54.9% Cu and 1.5 Lil), cubic structure of CaF; type

(a = 5.825%--5.8328 R);
3)T1--L13CuAlg (53.8% Cu and 5.4% Li), hexagonal structure (a = 4.96;
c=9.354);

4) Tp--L13CuAlg (26.9% Cu and 8.8% Li);
5) 8-AlLi, cubic structure (a = 6.37 R);

6) R=~LijCuAlg, cubic structure (a = 13.92 & [7]).
In a USA patent? and work [35, p. 429] a significant increase in the effect
of aging of ternary alloys which contain about 4.5% Cu and 1% Li from the

introduction of 1% Ag; 0.12 Cd and 0.05% In is described.

Ressarch on surplus phases showed that cadmium in VAD23 alloy, apparently,

; does not form intermetallic compounds (8, 9). Being predominantly in a solid

rf j state at hardening temperaturs, this elemant with subsequent artificial aging
facilitates intense work hardening [9--11]. According co data of mettalo-

- graphic analysis, manganess in Al=--Cu~~Li-=Cd system alloy does not form

compounds either with lithium [12], or with cadmium [13], but compounds are

observed with aluminum, copper and sometimes with iron and silicon.

lThe content of elements is presented in % (of mass).

w ' 2Ly Baron, USA, patent No. 2381219, 1945,




An analysis of mechanical properties of ternary alloys! of the Al--Cu~-Li
system with 0.5% Li, after hardening? and aging showed thr: the increase in
content of copper from 3 to 6% increases the tensile strength to approximately
the same value as in binary alloys without lithium (= 17 kgf/mm?) [14). wWith
higher contents of lithium (1=-=4%) the difference in tensiie strength in
alloys with 3 and 6% Cu decreases from 5 to 0 kgf/mm?.

An increase in content of lithium from 0.5 to 2.0% in an alloy with 3.0%
Cu results in work hardening at 20 kgf/mm?, and in an alloy with 6% Cu~--only
at 7 kgf/mm?. Relative elongation with an increase in concentration of lithium
to 1.2% 1is decreased by 2-~3 times.

The ternary alloys studied with 0.5% Li are located at 350" C in a two-
phass field (Al + T ) of the compound diagram (Figure 93). According to Silcock's
data [9], after aging at 165° C for 16 hr one observes in thess alloys &
single work hardening phase 6' (Figure 94) in quantities which are approxi-
mately the same as those for alloys without lithium (apparently, this explains
their uniformstrength). Alloys with 1X lithium are located in the field
(Al + TB + T,) and sfter the aging mentioned above these allcys, except 9',
segragatephase T, whose formatiorn mainly can oxplain the changes ocbserved
in strength and ductility. Alloys with 2--2.5% Li are found in fields (Al + Ty)
or (Al + Ty + T,) and are characterized by maximum stremgth. The decrease 1a
strength of alloys with three or more percent lithium, apparently, is caused

by conversion in the field (Al + T3 + §).

1The study of properties of ternary and more complex alloys wenr done on
pressed springs with dismecter 10--18 mm of laboratory manufa:cure.

2A11 of the alloys studied were quenched in water &t 525--530° C.
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Figure 93. Distribution of Phase Fields in the
Al-~Cu~-Li System at 3500 and 350° C [5, p. 423)
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Figure 94. fagregation Which is Formed in the
Alloys of the System Aftl:ci Aging st 165°, 16 hr
9

Keay: a. (of mass)




Quaternary alloys alloyed with 0.7% Mn, 1.4% L1 (first group) and 7% Mn,
0.i% Cd (second group) were studied in freshly quenched, naturally aged (7
days) and artificially sged (at 190° C, 16 hr) states.

The strength of alloys of the first group increases with an increase in
the content of copper es a result of improving the hardening effect. The
maximum tensile strength {of an alloy with 6% Cu) amounts to 53.5 kgf/m2
with relative elongation 5.0%.

Alloys of the second group are located in the Al + 0 phase field (see
Figure 93). The effect of hardening of thess alloys also increases with an
increase in the content of copper from 2 to 6% (from 3.5 to 12 kgf/mm?),
and ductility at the same time decreases by 8--10%. Work hardening after
natural aging is weak (0.8--1.5 kgf/mm?), and the size of relative elongation
remains large (25--33%).

The effect of artificial aging increases up to 17 kg./mm? with an incraase
in the content of coppar to 6X. Relative alongation at the same time is

decreased by approximately 2.5 times (4 = 10%). The principle of change of
mechanical properties due to the content of copper in alloys of the Al--Cu--
Mn-=Cd system is similar to the relationship in binary Al--Cu alloys [15].
With a content of 4-~6% Cu, the introduction of 0.1X Cd less effectively
increases the strength of alloys of Al~-Cu--Mn system than does the addition
of 1.4% L1, The strangth of alloys with cadnium is 6--8 kgf/mm? lower than
alloys of the Al-~Cu~~Li-~Mn system with the same content of copper. However,
ductility of alloys with cadnium is higher: if there is insignificant dif-
ferance with 4-~52 Cu, then with 6% Cu the ductility of alloys with 0.1X
cadmium 1s approximately two times as high as alloys with 1.4% Li (5 and 10%

respectively).




The combined effect of the addition of lithium (0.7--2.82%) and cadaium

(0.12) on the effect of thermal treatment was studied for alloys of the

Al--Cu~-Mn system which contain 0.62 ¥n and 2--6% Cu (Figures 95~-96). |
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Figure 95. The Effect of the Content of Li
on Machanical Properties of Alloys of the

e Al=-Cu~=Mn--Cd System:

A a=~2% Cu; b==4X Cu; c==6% Cu; l-—Annealed

. state; 2--Hardened; 3--Naturally aged; é&~~

! artificially sged
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Figure 96. Effects of Thermal Treatment Ac, of Alloys
of the Al--Cu~-Li--Mn--Cd Systel

a--Effect of hardening; b—-Effect of natural aging;
c=-Effect of artificial aging

Key: 1. kgf/mm?

The effect of hardening of alloys located in a solid state field incresses

according to the “ncroass in concentration of solid solution both for lithium

and for coppar (Vigure 96, a). Hatorogeneous alloys with 6% Cu and 0.7--1.4%

Li shov the naximum effact of hurdening (14--17 kgf/mm?). With an increase

‘ in content of copper from 2 to 4% the hardened slloys with lithium located in
‘ | a s0lid state field increase somewhat both in strength and in ductility. With
a further increase in the concentration of copper (trsmnsition in a hatero-

geneous fisld) strength incresses somevhat and elongstion doas not change.




Strength of alloys in a hardened state with constant content of coppex
with a chauge in the concentration of lithium from 0 to 2.8% changes along
the curve with a small maximum both in homogeneous and in heterogeneous
alloys. With an increases in concentration of copper, the maximum tensile
strength shifta to the side of lower contents of lithium (see Figure 95).
Ductility of alloys with all contents of copper decrsases when introducing
even 0.7% Li, However, all the alloys studied which contain less than 2.12
Li have relative elongation greatar than 20%.

In all the alloys of the Al--Cu-~Li--Mn-~Cd system studied the effect
of natural aging (7 days) is insignificant, lcss than S5 kgf/mm’ in tensile
etrength (Figure 96, b). Ductility of naturally aged alloys is practically
the ssme as that of freshly quenchad. The elfact of artificial aging of
alloys! Yocated with a quenching temperaturs in a single-phase field increases
with an increase in the content of both coppsr and lithium. With transition
to a hetarogensous field this sffect either is unchanged or decreases. Maximum

vork hardening is observed in alloys with A~=6% Cu and 1--1.4% Li (25 kgf/wm?).
In alloys aged at 165~~170° C of the Al--Cu—~Li system with additions
cf cadmium and manganese which contain 0.8--1,.5% Li and 4--6% Cu, according

to data of work [9] (see Figure 94) snd the authors of this section, besides \

( segregating ¢' by {100}, , one discovers Jaminar phase T) by {111},,. The
intermediate structure which ;recedes deformation of T, was not observed.

. With a change in phase composition of the slloy from (a + 0') to

i @+te'+ 1‘1) the character of decomposition changes: from a predominant

! segregation of 6'-phase along the grain and the appearsnce of separate com~

‘ ‘ pact particles along the boundary before segregation glong the grain of phase

; 1a11 alloys were aged at 163° C for 16 hr.
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T; and 8' and the formation of ductile particles T; along a large section of
high~angle boundaries. Segregation of Tn in the procass of aging at 165--200°
C was not observed. A certain change in ths forms of reflexes of the o'

phase (the appearance of asymmetrical tails) on the X-rays of sonocrystals

ﬁ of a number of slloys Al=-Cu <~Li~=Cd was evaluated in work [9] as a tendemcy
toward transition of 6' to T - Segregation in the alloys with similar dif-
) B
[ fraction patterns was called O'n. An increase in strength properties with an

', increase in the content of lithium from 0.3 to 1.52 in ternaty and more

complex alloys with 4——5% Cu, apparently, is explained by the increase in

quantity and certain breaking up of the 8’ particles by possible epringy
) distortions of the matrices which cause transition of 6' to Ty and the
formation of T, [75].

The introduction of up to 2.1X Li in alloys of the Al-=Cu~-Mn--Cd
system with 21 Cu continucusly increases strength (Figure 95). Tensile
strength incressas particularly not!.cu\;ly My 14 k;f/-’) from the addition
_' of 0.7% Li. Relative elongation also decreases by two times vhen adding
' 0.7% Li. Purther increas¢ in the concentration results in a small decrease

in ductildty.

~

Testing at 125--250° C showed that meximum tensile strength at sll
temparatures and aging is observed at the sams concentrations of lithium and
. copper as at 20° C in an artificially aged stata. Analogous principles were
obtained when studying long=term streagth with these alloys [10, 11]).

Alloys of the Al--Cu~=Li--Mn--C4 system with a content of 4--5%X Cu and
0.7--1.4X Li combine high strength at room temperaturs with high heat resistance.
The general corrosion resistance of theee alloys does not depend om the con-
tent of copper (in limits 4—6%) and lithium (in a range 0--2%). Alloys

=-10-




aged at 165° C for 16 hr are not inclined toward corrosion under stress or
inter-crystalline corrosion.

The introduction of msnganese into the alloy of an Al--Cu--Li-~Cd
systes with all conditions of thermal treatment, except annealed, results
in & simultaueous increass of strength and ductility (Figure 97). The maximum
tensile strength in an artificially aged state is attained at 0.8--1.0Z Mn,

in freshly quenched and naturally aged sta‘:es--at 1.2--1.5% Mn. Maximum

ductility is attained in all three states with a coucentration of 0.3--0.6%
Mn. The principle of change of mechanical properties at 20° C of alloys of
the system with varying content of mangsnese is close to the principle of

change of the properties of alloys of type D20 of the Al--Cu--Mn system [16].
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Pigure 97. The Effect of
the Content of Mn on the
\ Machanical Propertiaes of
Alloys of the Al--Cu-~Li-~
Cd System:

1--Annealed state; 2--Quenched;: 3--Naturally
aged; 4——Artificially aged
Key: a. kgf/um®

laverage composition of alloys: 5.2% Cu; 1.2% Li; 0.15% Cd.
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As in many aluminum alloys when caceting alloys of an Al--Cu-~Li--Mn--Cd
gystem, manganese forms supergeturated solid solutiona. The decomposit’ of a
891id solution during homogenization, heating under hardening or before de-
formeiion and in the process of deformation results in the appearance of
fine manganese phases with dimensions in tenthe of a micron. The presence
of manganese in an alloy slows down recrystallization, Therefore, semi-
manufactured products from alloys with manganese have a finer grain.

The additiou of 0.2--1,5% Mn in ailoys of an Al=-Cu--Li system hardly
affect heat resistance during short-term tests. However long. term strength
at 200° C increases sharply due to the additioa of 0.7--0.8% Mn which involves
appirently, not orly the change in the size of the grain, but also an increase

in heterogenirzation of the structure as & result of the formation of dispersed

manganese particles.
An addition of 0.05--0.20% Cd, as in alloys of an Al--Cu--Mn system!

sharply increasca strength as a result of an increase in the effect of artificial

aging, somewhat decreasing ductility of the alloy (Figure 98), The effect of
natural aging drops noticeatlY. This is explained by the fact that the additicn f
of caduium decreases the dimensions and increases the number of segregations

y duriag artificial aging and slows down the formation of the GP [Geksagonal'naya'

e Cow

plotnoupakovannaya (reshyetka), Hexagonal close-packed (lattice)] )
during natural aging [9). The introduction of 0.08~-0.3% Cd in alloys of an
Al-—Cu==Li-=Mn system increases their heat resistance and then the lower the

testing temperature the greater is the effect of the addition of cadmium [17].

The introduction of up to 0.3% Ti in alloys of an Al~~Cu~~Li==Mn--Cd

system does not affect the mechanical properties at room and increased

lpverage composition of alloys: 5.2% Cu; 1.2% Li; 0.6% Mn. &
c
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; Figure 98. The Effect of the Cd Content on

Mechanical Properties {a) and the Effects of

Thermal Processing (b) of Alloys of an Al--
Cu~=Li==Mn System:

l--Annealed state; 2--Quenched; 3=-=-Naturally
aged; 4-~Artificially aged
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>> L temperatures for short-term elongation, but noticeably increases long-term
4 f strength; the maximum is attained at 0.1-~0.2% Ti, The presence of silicon in
} alloys of this system (both separately and in combination in quantities
greater than 0.3% each) decreases strength characteristics at room and increassed
temperature (17]).

VAD23 alloy (AMIU [Aviatsionnyye metallurgicheskiye tekhnicheskiye
usloviya, Aviation mstallurgical technical specifications]
506==69) has the following composition: 4.8--5.8% Cu; 0.9~1,4% Li; 0.4~
0.8% Mn; 0.1--0.25% Cd; admixtures (not moxe than): 0.152 Ti; 0.3X Fe;
0.3% 84; 0.1% 2za; 0.05XNg.




The alloy is quenched at 52045° C in water (hot spot temperature is

higher than 530° C). Holding during heating under quenching of pressed

P

semimanufactured products must be cut down by 1.5--2 times in comparison

with instructions for series alloys, in order to avoid recrystallization

and grain growth. Omne should keep in nmind that articles with fine elements

can oxidize during heating. This result. in a decrease both in strength and

Wﬁ in ductility. The time for transfer from the furnace to the quenching tank

T S TR T ST T

wmust not excesd 40 s.

An increass in temperature of the quenching water to

e

70° C does not affect the mechanical and corrosion properties of the alloy.

Quenching in hotter water or inm liquid nitroger decreaues both strength and
ductility of the alloy.

The effact of uatural aging on the alloy is small. The effect of the

e e T

| l length of time of the aging on mechanical properties of clad shests ia
| presented in Table 59.

\ TABLE 59 MECHANICAL PROPERTIES OF SHEETS OF VAD23 ALLOY IN VARIOUS STATES

‘ @ CocTonnNe MATEpHRIS ul'.;:u , ;m" '
! ® i ~ula
: 80mxtmnnoe ----------- 2 10 20
5 ; CTECTBEHHO COCTAPEHHOE B TedeHHe:
f 28 e e e e a3 14 2
2 MECALES .+ ¢ ¢ e e s 38 18 18
TORE + + « « s ¢ s o 6 b 0 s a7 23 17
T A S 38 25 156
CK. ] HHOe o QN(I(“
) ys.nlguuu.c?ctn;{e fioe fo P. X y 5 9 5
Key: i '
a. State of the material 5. 1 year
1. Annealed 6. 7 ysara
2. Naturally aged for: 7. Artificially aged according to the
3. 2hr proc.durc 160°~~10 hr
4. 2 months 8. kgf/um?
{
The kinetics of aging of various semimsnufactured products of VAD23 salloy
|
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are practically uniform (Figure 99).

l¢ Tl 4
@ I I I
Je / 3
»
i*‘é pd 27 !
¢ [ )
=T 4
38 I vy -
‘ ol Ll | - ~ - :
i P S an iy - ok TPT, ~
O s S % 2. S Y
b 7 i~ y /(
]
7\;: "00 "m - /ﬂ’ I ’ b
\g‘ i - " P—'
32 P ~=
]
’6 -~ 3 - Y
Sa &
* %
A 8#.'\.’\/ __L \
L[ 67
o :
! 2 3 4 586 81002 3 W YW N 10
y ).y

Figure 99. The Effect of Procedures of

Artificisl Aging (Temperature and Holding

Time t) on the Mechanical Properties of
VAD23 Alloy:

1--100° C; 2--130° C; 3--150° C; 4--160° C;
5==170° C; 6--180° C; 7--200° C

r Key: a. kgf/mm? b. hr..

' o At 100° C, the processes of work hardening of the alloy occur very

slowly, After 120 hr the tensile strength increasss to 50 kgf/mm? and the
yield point=-to 36 kgf/mm?, not reaching msximum value; ductility is practically
unchanged and remains st a high level (8§ = 16--20%). The relationship

d9,2/% 1s also practically unchanged and equals 0.71--0.72. At this tem-
psrature, in the time intervals studied ir the slloy, apparently, there is a
sone stage of aging.
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At temperatures of 130--140° C the processes of work hardening accelerate
somevhat: after 120 hr tensile strength increases to 54--60 kgf/mm?, and the
yield point--to 51 kgf/mm?, The reiationship of aa.z/°n‘ 0.7 with holding up
to 12 hr, with greater length of holding (18--30 hr) °o.2/°n = 0,73-=74, a
further increase in holding results in a sharper growth in the relationship
0g,2/0p and after 120 hr it reaches a value of 0.9--0.93. In semimanufactured
products aged at 140° C for 18--30 hr, one oboerves a tendency toward corrosion
under stress. The ductility of alloys during long-term aging up to 30 hr is
high (6 = 14--20%; ¢ = 30%) and is practically unchanged with an increase in
holding tiva. The work size of bieakdown of samples with cracks with impact
bending is als: large (a, y = 1:2--1.5 ket n/cm?).

If aging time excecds 30 hr, the characteristica of ductility decrease
sharply==-by 1.5~~2 timas. Electric resistance at 140° ¢ with holding less than
12 hr incresases somevhat, but when the length of time of aging is increased up

to 30 hr it decreases below the initial level and does not change with

further increase in holding time up to 96 hr. By comparing the data obtained
with the general principles of changs of proparties durving aging of aluminum

?{ alloys [18, p. 316) one can come to the conclusion that at temperaturves 130--

‘ 140° C up to holding of 12 hr processes primarily occur which correspond to the
”ﬁ zone, with holding 14--30 hr--mixad, and with longer holding times—-pri-

i marily a phase stage of aging. Howaver, even after aging for 120 hr, max~

i

- imum strength is not attained.
With higher temperatures of 150~-200° C work hardening of the alloy is

» accelerated even more; maximums appear on the kinetic curves of aging (see q
Figure 99). With an increase in tewparaturs the time for reaching maximum
strength is cut down. Tha time for attaining maximum tensile strongth and : O
: [
I
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maximum yield point are the same. Minimum ductility for each temperature is
attained in a shorter time than is maximum strength. The higher the aging
temperature the lowar are the maximum strength characteristics of the alloy,
the relationship 00.2/53 and the higher the minimum values of ductility.
Afcer aging at a temperature of 220° C and holding for 0.5 hr and wmore
one vbsarves only recrystallization by procees annealing.
Thus, zone aging at a temperature of 160° C is short term (1 hr), and
at 170* ¢ it occurs even more quickly.
During holding times studied this stage apparently was not observed,
The aging stage of pressed semimanufactured products of VAD23 alloy are

presentud in tha form of a diagram in Figure 100.

Pigure 100. Temperature-time Fields of Aging
. for VAD23 Alloy:

1--Zone aging; 2--Mixsd; 3--Principally phase
Key: a. hr.

Phase aging of VAD23 alloy before attstining maximum strength causes
uniform decomposition of the solid solution with the formation of ductile

segregations 6' and T, with diameter 600~~900 R (Figure 101). Along wost

-17-
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Figure 101. The Microstructure
of Sheel VAD23 Alloy After Aging
at 160° C for 16 hr X 21500

boundaries there are segregations in the form of dottad lines. A szone forms
on the boundaries which is depleted of alloying components and thersfore is
free of segregations. An increase in aging temperature from 160 to 200° C,
and also the application of additional long term heating results in ambrittle-
wment of particles, a decrease in their number per unit of volume and expan-
sion of the free zone. This facilitates relaxation of stresses and somevhat
increases ductility with a Jdecreass in strength.

Depanding on opersting conditions for the articles sade from VAD23
alloy it is recommended that cne use thrae aging procedures. The first
procedure (140° C, 18--24 hr) provides increased ductility end is intended

for articles which operate at room tempesrature. The second procedure (160° C,

10~~16 hr) give maximumcharacteristics of strength with somewhat lower dnctility

and is vecommanded for articles for short.term operation at room temperature

or increased temperatures. The third procedure (200--220° C, 6==135 hr) leads
to relative stabilisation of the structurs and propertiss of the alloy and is

recommended for articles for long term operation at incrsased temperatures. The

nechanical properties of aged semimm.ufactured products are pressuted in
Table 60.
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TABLE 60 MECHANICAL PROPERTIES OF SEMIMANUFACTURED PRODUCTS OF VAD23 ALLOY AT
ROOM TEMPERATURE AFTER VARIOUS AGING PROCEDURES

vgamm CTAPEHNA
o, 0,
B seryputmuners [ unony | G gt | oo | 0%
n OTINI npeccovatHMe TOH: 140 18 4852 | 36—42 | 8-—I12
mlsl " TpeccaBaiuKe O 160 10 5200 { 45--35 4—8
200 7 49-=32 | 40—45 5--7
llpmmw accomauNMe Kpyn:| 140 18 8057 | 40.-48 | 1015
@lor pm':u' Py 160 10 5868 | 84—60 | &-9
' 200 7 4987 | 42--51 T~=9
e 140 18 48--82 | 3744 | 1018
@ﬂlm HeMVIEKHPORAKNHNE 140 18 de—82 | a1 | 101
200 7 4952 | 40—i5 47

Key;
a. Type of semimsnufactured products 1. Pressed thin sections*
b. Aging procedure 2, Prassed large scales sections%
¢. Temparature, °C 3. Unclad sheet®#
d, Tima, hr
e. kgt

Notation. Semimsnufactured products aged by the second amd third
procedures do not have a tendency toward corrosion cracking or intercrystalline
corrosion.

5 : *Langthwise direction
f’ salrosswise direction

o Long term heating (up to 35000 hr at 50° C) of pressed ssmimanufactured

t _ products sged at 140° C for 18 hr does not result in a decrease in the ductility
) _f the alloy. Strength characteristics increase by 4~-3 utl—’. Heating at

T : é 70° C for up to 1000 hr gives the same results and for s greater length of

time (3000 and 5000 hr) relative slovaation decreases approximately by two
times.

TR T

.
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For articles which operate at increased temperatures it is important to
take into account the effect of operational heating on the mechanical pro-
perties of the material.

. Experimental data obtained showed that both reduced strength and strength

i at 125° C of pressed semimanufactured products from VAD23 alloy which are

;' traatud by two aging procedures (160° C, 10 hr and 200° C, 7 hr) are practically
‘ unchanged after heating at 125° C for 20000 hr (Figure 102).
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Pigure 102. The Effect of Heating on Mechanical
Properties of Thin Pressed Sections Aged at 160° C
+ for 10 hr:

a~-Testing at 20° C; b-=-Tasting at heating tem-
perature: 1--125° C; 2--~150° C; 3--17%° C; 4=~
. 195° ¢; 5-=225° C

Kay: A. kgf/cm? B. kgf/mum?
C. hr

Sections aged at 160° C have an advantage in strength characteristics. How-
ever their relativa elongation and work breakdown of samples with cracks in

a range of 1000--10000 hr is dacreased. In sections aged at 200° C, the
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decrease in ductility is not observed.

Heating at higher temperatures (150--200° C) results in a certain
recrystallization by process annealing.

It is necessary to note the more intense decrease in strength after
heating semimanufactured products aged acconding to the procedure: 200°* C,
7==10 hr. Tansile strength of the sections after heating 1000 hr at tem-
peratures 150 and 175° C decreases by 2--4 and 15%, and semimanufactured
products aged according to a procedure of 160* C for 10 hr by 8 and 28X,
respectively.

Pressed semimanufsctured products made from VAD23 alloy are distinguished
by high long-term strength and reaistance to cresp. Unclad sheet in heat
registance is close to pressed semimanufactured products. Howaver, clad
sheat has lower charactaristics of heat resistance both in shortrterm and in
long termtests.

Corrosion resistance of unclad semimanufactured products of VAD23 alloy
is the same as : for unclad semimanufactured products of D16 alloy. It i»s
neceasary to protect the alloys from corrosion by anodizing with an application
of paint or varnish coatings.

VAD23 alloy defoims wall in a hot state. And from it one can make all
typas of pressed, rolled and forged semimgnufactured products.

The charactaristice of deformation capability of the alloy in snneuled and
naturally aged states differ very little from euch other. In an annealed
state the alloy in propertiss is closs to D16M alloy. The alloy aged at 140° C
for 18 hr has a much greater ductility than after aging at 160 and 200° C.
VAD2] alloy is satisfactorily welded in spot and seam welding.
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2. Structural Alloy 01420}

Aluminum, deformable, thermally work-hardened alloy 01420 belongs to
the Al—M3--L1i system. The introduction of magnesium and lithium in the
aluminum permitted obtaining a materisl with a specific weight decreased by
11%7 in comparison with D16 alloy and ¢ modulus of slasticity increased by
4%. In specific strength at room temperature alloy 01420 is better than D16T

alloy and in corrosion resistance is closs to AMg6M alloy. Pressed and
rolled semimanufactured products are made from it.
Alloys of the Al--Mg--Li system were studied in detall in 1952 by

PF.I Shamray [17]. He established that alloying Al--Mg system alloys with
lithium has little effect on their mechanical properties and does not result
in the appearance of effects of thermsl treatment. The author came to tha
conclusion that developing new industrial compositions on this bases was not
promising.

As a result of a research on series binary Al--L1i and certain ternary
Al==Mg~-11 slloys with & low content of msgnesium done in 1959 [20]
noticeable work hardening was observed during artificial aging. However,

strength proparties of these alloys aven after thermal treatwent remained

. very low.

p In 1965 I.N. Fridlyander, V.F. Shamray and N.V. Shiryaeva [21] discovered
a large concentrated field of alloys of the Al--Mg--Li system which wers
distinguishad by a considerable effect of work hardening after artificial
aging and adequately high strength properties. However, the ternary alloys

4 had low corrosion resistance. An iacreass in corrosion resictance was

lauthors: I.N, FPridlyander, W.V. Shiryseva, B.V. Tyurin, V.S. Sandler.
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attained by the additional introduction of manganese, zirconium and siliconm.
This resulted in the creation of iandustrial alloy 01420, patented in a num-
bar of countries.

In equilibrium with asluminum solid solution in an Al--Mg~-Li system [19,
21, 22] thare are the following phases:

1) MgaAly (8) cubic (& = 28.2 });

2) MggAlyz (Y) cubic type a-Mn (&8 = 10,52 R);

3) MgLiAl, (8) cubic (s = 20.2 &);

4) AlLL (8) cubic, B 32 (a = 6.37 R).

In work [21]) the phase field (¢ + ugnnu) did not fall into a number
of studies with the temperatures and concentrationas taken.

The figurative field of alloy 01420 in conccﬂ:util.cu of magnesium and
lithium on isothermal cross ssctions of the Al--Mg~-Li diagram at quenching
and at aging temperatures lies in phass fialds whare,with a colid solution,
phases 8 and Mg)7Al;z can coexist.

The phase composition of alloys of the Al--Mg--Li system has a strong
effect on their mechanical properties (Table 61, FPigure 103).

Alloys which are located in fields belonging to a binary Al--Mg system
(fields o and o + 8) at the quenching temperaturs are not work hardened by
thermal processing and have a tensile strength not greater thaa alloys of the

magnalium type. Alloys, vhich at quenching temperature are located in fields
(o + &) and (a + §), are thermally work hardened and have streagth on the order
of 45 kgf/mm?. The effact of tharmal treatment amounts to 10--13 kgf/mm?,

Work hardening in the aging process at temperatures 50--200° C of binary
low-alloy alloys of aluminum with lithium [20; 9], ternary alloys which
contain 3--6% Mg and wore than 1.6% Li [23, 24], is detsrmined by the segregation
of epherical particles of &'-phase with a dimension of several hundredths of
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TABLE 61 THE MECHANICAL PROPERTIES OF ALLOYS OF THE Al--Mg-——Li SYSTEM STUDIED
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a. Content of elements, % (by mass)
cooling

b. Phases
e. Freshly quenched state after

c. Annealed state
d. Hot-pressed state

Key:
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Tigure 103. The Distribution of
Phase Fields at 440° C, Tensile
Strength (a), Effects of Aging (b)
(Aﬂg) of Pressed Rods Made from
Alldys of tha Al--Mg--L1i System
Aftar Quenching at 450° C in Air
(in parentheses), in Water and
Aging for 16 hr at 170° ¢

Key: 1. By mass
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Angetrdmes. This superstructure type CujzAu on a base g. ts. k. [Granetsentrirovanaya
kubicheskaya (reshyetka), Face~centersd cublc (lattice)]

of aluminum lattice primarily of the composition AlzlLi 1s detected as an
intermediate siructure in the aging of alloy Al--2,2% Li, A decrease in

the effects of thermal treatment with a decreasc in the content of lithium

in ternary alloys cf the system is explained by the absence or lower inten-

sity of segregation of the &'-phase.

Alloys of the Al~-Mg—-Li system are not work hardened by natural aging.
Corrosion resistance of alloys located in the field (a + S) after quenching
and artificial sging i1s very low: the loss of strength of alloys after
testing over 3 monthe in a 3% solution of NaCl with the addition of 0.1%
Hy0; after quenching in water and artificial aging approach 90~-95%, after -
quenching in air after artificlal aging--less than 25% and corrosion
disintegration under stressy occure.after 8--15 days.

The addition of manganese, zirconium and titaniumincreases strength
charscteristics of sheet and prsssed semimanufactured products made from
Al-~Mg--Li alloys and also improves their corrosion resistance (Table 62, 63).
Additions of manganese and zirconium improve mechanical properties of semi-
manufactursd products to &« considerably greate: degrue than does titanium,

The introduction of manganese (0.4--0,8%) in the alloy Al--5.5% Mg--2%
L1 results in the formation of surplus mangavese intermetallic coumpounds of
complex composition. Moreover, with the use of an electronic microscope one
observes uniformly distributed fine umanganese phases with dimenseions 0.1--
0.2 wicrons. (Their quantity amounts o saveral volumetric percents coi the
alloy). They form as a result of decomposition of the solid solution of super~

saturated manganese after crystallizetion of the ingots.

-
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TABLE 62 THE EFFECT OF MANGANESE, ZIRCONIUM AND TITANIUM ON MECHANICAL PROP-
ERTIES OF PRESSED STRIP MADE FROM ALLOYS OF THE Al--Mg--Li SYSTEM

' t QUENCHED ‘AT 450° C AND AGED AT 170° C FOR 16 HR
@Xann-«cmm cocran, Y, (o macce) mfhxaqn 8 soRe @IKIJ’IKI Ha BO3AYNe
y Ll b

i Mg | Lt Mn | zr T @L‘ ® " @ \ .

' ¢ ¢ < R <
- 57 | 2.13{ — — - 45,0 300 166 | 44,5 2905 14,1
Y. 5871 215] 07 — - 823 390 | 60] 6525|4001 5,1
) 5641 2,161 — | 0,17 -_— 51,7 380! 93] 520/ 37,7 8,0

! 5,52 2,18 [ o~ —— 0,12 48,0 31,0 | 12,0 | 47,2 | 300 | 13,0

5551 2,121 0,65 ~ 0,17 53,8 380 | 80 ] 60,0 380 9,5
Key
; a. Chemical composition, % (by mass) c¢. Quenching in air
: b. Quenching in water d. kgt
! TABLE 63. THE EFFECT OF MANGANESE, ZIRCONIUM AND TITANIUM ON CCRROSION RESIS~
TANCE Of PRESSED STRIP MADE FROM ALLOYS OF THE Al--Mg--Li
‘ SYSTEM QUENCHED AT 450° C AND AGED AT 170° C, 16 HR
¥ ——
@ XUuMUAOIKNA cocTaR S?."”. 0 §E (CY
Bax 3axaaxy ‘.3&-.1‘.
’ me |l u | M|z |m 9 | s 3:%%
. 57 [2,13] ~ — — Ha no3gyxe . . . . 0] = 20
Bage - - o oo ol 0B8] — | 14
587|215 07 | — -— 20Ke ¢+« o o o] 10 28 87
g s somyxe . - ..} O 0 | >9
/ s64 ) 28| ~ [017] - sage .- ... .. 0 | o] 70
2 BOJAYXE sl 0 0 | >0
55213 — - 10,12 ofe « -+ -] 161 43 72
d‘ll BOMLYXe o0 O 38 | >90
. e e————-
Key!
a. Chemical compogition d. Average time before disintegration,
b. Typs of quinching daysh¥
c. Loss, %% 1. In air
2. In water

* Testing in a solution of 3% NaCl + 0.1% HyU,.
%% Tegting for the tendency to corrode under strass (stress 0.90¢,2)

e

in a 32 solution of NaCl with periodic submersion. .

‘; ‘.
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The addition of up to 0.152 Zr 1in & ternary alloy close to the composi-~
tion described above decreases solubility of magnesium and lithium in aluminum.
Therefore in distinction from a composition with manganese, after quanching at
450° C the large quantity of undissolved particles in the structure of the
senimsnufactured products is decrsased, apparently, of equilibrium compounds of
aluminum with magnesium and lithium with dimensions 0.1--0.3 microus. Dis-
solving of the particles occurs at 500--540° C.

The introduction of manganese, yirconium and also chiomium (less than 0.15%)
each saparately or in coubination slows down recrystallization. Strength
proparties of semimanufactured products then essentially improve and relative
elongation drops. Corrosion resistance is improved considerably. The nature
of work hardening in the process of thermal treatment of these complex alloy
compositions is analogously described in literature for ternary alloys.

The results of ressaich on the effect of mugnesium (in ranges 5.0--
6.02) and lithium ( 1.6~~2.3%) with 0.11% Zr show that with one and the same
content of lithium the change of concentration of magnesium has very little
affect on the mechanical properties of semimanufactured products of alloys
from an Al~-Li--Mg-~Cr system in an artificially agad stats. An increase in
content of lithium from 1.5 to 2.4X sharply changes the machanical properties:
tensile strength and yield point increase by 10--14 kgf/um?, relative slonga-
tion 18 decreased by 12X (Table 64).

Research on the effect of lithium and wagnesium on corrosion resistaace
showed that Al--Li--Mg--Zr alloys with a content of up to 1.8% Li have low
resistance to corrosion under stress. When the content of lithium is 1.92
higher, ths Al--Li--Mg-~Zr alloys are not inclined to corrosion cracking. An

addition of magnesium in mnges 5.0--6.0X does not affact resistance to
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TABLE 64 THE EFFECT OF LITHIUM AND MAGNESIUM ON THE MECHANICAL PROPERTIES OF
PRESSED STRIP MADE FROM ALLOYS OF THE Al--Mg-~Li--Cr SYSTEM QUENCHED AT 450° C
AND AGED AT 170° C, 16 HR

@mepmlnut % (no magey) _@lnmn B RO3E @ JAKAAKA N& BOARYXe
o| 50 9| @
. L] i
4 3 ] o " ) P -.?
5,05 1,61 0,11 42,0 240 150 | 43,8 p< K] 15,6
8,08 1,94 0.10 53,2 35.4 6,0 35,2 374 8,1
5,04 2,26 0,12 85.8 42,0 4,6 85,7 41,0 4,0
501 1,68 0.11 43,6 26,0 14,8 4.9 25,0 15,3
8,05 1,83 0,10 55,8 38,5 4,8 58,9 T 4,5
5,08 1,9 0,11 57,9 39,8 3,8 &7 39,0 43
Kay!
a. Content % (by mass) ¢. Quenching in air
b. Quenching in water d. kgf/om?

corrosion under stress (Table 65).

TABLE 65 RESISTANCE TO CORROSION UNDER STRESS OF PRESSED STRIP MADE FROM ALLOYS
OF THE Al--Mg-~Li--2rSYSTEM IN A 3X SOLUTION OF NaCl WITH PERIODIC SUBMERSION
(QUENCHING AT 450° C AND AGING AT 170° C, 16 HR)

@ | g T'oﬁ i ¥ o ?’Ei—

Mg | Lz P sane glg Mg | LI | 2 DEE

5,05| 1,61 0,11 (OHa soayxe | 18 15 g5 83 g 10 [DHa sosnye
8

‘ QB »ae @B sone
5.041‘2.26:0.I2PH'B':;:E" >R {59810 |0 D{"é".’;ﬁ“ >
[ Ha mosay 8 s mosayxe | >80
Ray1 s,mil.ss.o.nbg'a'gui“ 9 l5.08 2,01 0.10@& caayie | 290
a. Content, X (by mass 1. In air
b. Type of quanching 2. In wvater
c. Average time before breakdowm,
days

When manufacturing aluminum alloys thare is an inevitable accompaniment
of admixtures of iron, silicon and sodium which have a considerable effect on

te-hnological strength and corrosion properties of materials. The results of
20
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research on the effect of iron showed that up to 0.7% Fe does not change the
nachanical properties, does not worsen corrosion under stress, but strongly
decrsases corrosion resistance. Silicon in quantities less than 0.3% does
not affect tensile strength of Al-~Li--Mg--~Zr alloys, increases the yield
point by 4 kgf/mm? and decrasses relativa elongation by 5%. For obtainirg
satisfactory corrosion strength of Al--Li--Mg--Zr alloys they must contain
no less than 0.1X S.

Research on the effect of sodium in ranges 0.005 and 0.01% in a tem-
peratura range of 20=--475° C on the properties of an alloy which contains
5% Mg, 1.9% Li, 0.11% Zr, showed that this element sharply decraases ralative
salongation and tensils strangth of the alloy. Obviously, in this case sodium acts

as it does in alloys of the Al--Mg system in which it also has an extrsmaly
unsuitable sffect on ductility in the teampesrature range of deformation. The
presence of sodium in alloys with lithium causes their embrittlement: during
quetnching cracks appssr, thermal treatment does not hava an cffect on the é
alloy.

On the basis of resesrch done the optimum chemical composition of alloy
01420 was established: base Al, 5.0--6.0% Mg; 1.9--2,3% Li; 0.09~--0.15% 2r;
0.1-=0,3% 54; admixtures not more than: 0.3% Fe, 0.1 Ti, 0.3% Mn, 0.005% Na
(18, p. 42, p. 335; 25==27).

No change was observed in mechanical properties with alloy 01420 in tha

process of aging at room tcmperature. At tempsratures 50--160° C the
curves of strength proparties increased monotonically up to a holding time of
100 hr, and at 180- :300° C after maximum approached recrystallization by a

process of annealing (Figure 104).
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Yigura 104.

Strength (a),

Relative Elongation (¢) in the Pro-

cens of Aging Sections Made from
Alley 01420:

The Change in Tensile
Yield Point (b) and

1==70; 2-=120; 3~-140; 4=-=170;
5-~190; 6--250; 7-~-2300°C

Key: a. kgf/mm? B. T, hr, c. min,

Relative elongation drops corresponding to an increass in strength

propertias.

properties, and at 120" C fc 12--48 hours one obtains improved ductility

with a certain decreass in strength.
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Aging at 170° C for 8~-24 hr results in obtaining maximum strength
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Work hardening of an alloy, apparently, is connected to an increase in
the quantity snd dimensions (vithin specific limits) of particles of the &'~
phase (Figure 103). Thus, if after 16 hr of aging the diameter of the par-
ticles 1s 50--150 X, then after 100 hr, 100--300 L. During decomposition
of the solid solution, besides the &'-phasa, there form and incresss thin
segregations along the boundaries and compact crystal face particles, ap-

parently, equilibrium phase or phase. In alloy 01420 with magnesium, without

sirconium, thess phases are formed mainly along inter-phase boundaries of
manganess particles (Pigurs 105). Recrystallization by process annealing
during aging is connected to enlargement and mainly to dissolving of the
§'=phase which occurs because of depletion of the solid solution during in-
tensive formation and growth of stable segregations which contain lithium, In

the process of aging, monotonic dacresss in slectric resistance occurs (Figure

107) ¢ rwurmmﬂmu" Vol pe e PALE B e M S LA
5 Yomg P .‘ ' [
t : : .'
| ]
/ | ~
Figurs 103, Dark-filled Micro- . ()
photography (s) and Eloctromo- it b - B
gram (b) of a sheet of 01420
b Alloy with Magnesium Aged at

170° C for 100 hr X 35000

L — Wdﬂ(b)
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Pigure 106. Thse Microstructurs of a Shest

of 01420 Alloy with Hanganese (Quenchad at

450° C un Water and Agad at 170° ¢ for 100
hr (Oxide Woplica). X

14300

A | et) v®

! Figura 107. A Change in Electrical Resis~
b tance of Alloy 01420 (Pressad Saction)

. Quenched from 430° C in Water, in the Pro-
o cess of Aging at terperaturest

1-=70; 2--90; 3--120; 4-~140; 5--170°C

Key: A.ohm:mm? B. hr.
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Alloy 01420 has an increased modulus of elasticity 7500 kgf/mm?. It is
known that the modulus of alasticity of alloys changes usually approximataly
additively depending on the sixze of the wodulus of elasticity of the components
and their content in the alloy. The size of the modulus of elasticity of
aluminum, magnesium and lithium respectively is 7100, 4300 and 500 kgf/mm?.
Aluninun-magnesiun alloys have a modulus of elasticity which decreases to
6900 kgf/mm?, Alloys 11 the Al--Mg--Li system in spite of an extremely low
corresponding characteristic for lithium have a modulus of elasticity consider-
abtly higher; conssquently, these alloys have an anomalously high modulus of
alasticity,

The typical mechanical properties of semimanufactursd products made from
alloy 01420 manufactured under industrial conditions are presented in Tables 66
and 67.

TABLE 66 TYPICAL MECHANICAL PROPERTIES OF SEMIMANUFACTURED PRODUCTS QUENCHED
IN AIR AND AGED AT 120° C, 24--12 HR

]
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Keay:
s, Semimanufactured products lengthwise direction)
b. kfg 2. Pressed section

1. Stawped waffled panel (barrel, 3. Shaet (crosswise direction)
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TABLE 67 SENSITIVITY TO CONCENTRATIONS OF STRESS* OF SEMIMANUFACTURED PRODUCTS
QUENCHED IN AIR AND AGED AT 120° C FOR 24 HR
(5.1. Kishkina, T.K. Ponarina)
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Kay:
a Suhnnutaetuud products 2. Pressed section (thickness of the
b. kgt/mm? rack 1.5~=3,0 mm)

1. Stamped waffled panel (barrel) 3. Sheet thickness 1.5~-2.0 mm

Sheets of alloy 01420 with a thickness 2.5 mm during testing for compression

( and warping have the following characteristics: Ey =
w7700 KTIHMY, Oy = 20 KTImMY, Ogq = 28,6 KT/M; Ogaeq =
m 38 xl/mmd,

Waffled panel during teating for twisting and shear strength have the

following proparties:
§ prop G = 2880 xI/xx% p = 0,31 T, = 13 &1/ mu8;
x, = 37 kl/und; T, = 27 kL/unt.

e e

o ' Figure 108 shows the curves of fatigus and static strength of semimanu~
‘ : factured products made from alloy €1420..
) Corrosion resistance of the alloy in a Tl state is the sawe as for alloy

AMG6M. In quenched relatively homogsnaous materisl, anticorrosion properties

are considerably greater. After aging in semimanufactured products with a

, “Concentrator—~aperturs diamater 3 mm, ratio of the width of the working
L part of the sample to the diameter of the aperturs b/a = 8.

=35

MD
- ¥,
[}
N..' h . .
v .
L R N s b bt e bkmdactad il duns il el o




\\,

>
&
I
/
. xf/m’@
R 8§
o

o
§ N 4 21 ’
S L
['4
v P uow! v o R W

® Vaers qunnod i secyaenis N

Figure 108, Curves of Fatigue (a) (Purs Bending
During Rotation of Circular Samples) and Static
Strength (b) (Flat Samples with Apartures) of Press-
ed Semimanufactured Products Made from Alloy 01420
in Comparison with Other Alloys; According to the
Data of the Authcrs and 8.I. Kishkina and Co~
workers:
1--Alloy D16 (o, = &4 m/-’); 2--01420 (o, = 50 ml-.z).
| 3--VAD23 (o, = 58 kgf/um?); 4--V95 (aa - 6oPkgt/mly;
| 5~--01420, r‘lnforcnd with vibration c#ld ' hardéning

; Kay: A. Maximum stress, kgf/mm? B. Number of cycles
befors disintegration N C. o, kgt /um?

recrystallized structure the intercrystalline corrosion grows, often in a
types of delamination. This process is controlled by segregation in the form ‘

of dotted l'nes or sublayers along the boundaries. A decrease in the rate

of quenching (for example in hot media, in air) slows down the boundary

| ; decompositin and increases resistaace to the corrosion under stress. Semi-

manufactured products with partially recrystallized structura ars subject to ?

{ intercrystalline corrosion to a laesser degree hecauss one does not observe :

? formatiun of thin dotted line segregation along the sub-boundariss.

) Research on the technological properties of alloy 01420 during the manu-
facture of parte from sheets and sections showed that pressed sections in

& quenched state are characterised by high technological propertias for banding,
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cutting, levelling. One can manufacture fairly complex parts from sections.
Sheets made of slloy 01420 in a quenched state have technological character-
istice which sre lower than those of D16T alloy. One can make parts from
sheets of alloy 01420 with a smaller degrae of deformation for one transition.
The manufacture of complex parts by stamping, sheathing with double curves
stretched on the press or knock-out parta must be produced in ssveral passes
using intsropsrational quenching. PFor obtaining maximm ductility it is
recommended that one quench in water. PFor final thermsl processing of parts
nade froi alloy 01420 for obfnining satisfactory corrosion resistance quanch-
ing in aiz is desirable.

The use of alloy 01420 in structures showed that articles of equal
valus from alloy 01420 sre 10--135% lighter than those from alloy D16. The
decreass in weight is attained as a result of . cising the specific weight
of alloy 01420 while retaining the strength level of alloy D16. An analogous
decrease in weight of structurss when using high-strength alloys with incressed
specific waight is fairly complex to attain because a number of technological
and design limitations exist for minimum thickness of parta. Moreover, one
has to take into account the fact that, by far, not all the elemants of the

structure will have maximum load.
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